Mechanism of synchronized Ca2+ oscillations in cortical neurons.
Dissociated rat cortical neurons reassociate in vitro to form synaptically connected networks. Removal of Mg2+ from the extracellular medium then induces neurons in the network to undergo synchronized oscillations of cytoplasmic calcium. Previous studies have shown that these calcium oscillations involve the activation of NMDA receptors and that the rising phase of each calcium spike is coincident with a brief burst of action potentials (Robinson et al., Jpn. J. Physiol. 43 (Suppl. 1) (1993) S125-130; Robinson et al., J. Neurophysiol. 70 (1993) 1606-1616; Murphy et al., J. Neurosci. 12 (1992) 4834-4845). We have found that these calcium oscillations are dependent on an influx of extracellular calcium but are independent of mobilization of calcium from intracellular stores. The influx of extracellular Ca2+ occurs primarily through L-type voltage-gated calcium channels (VGCCs), since diltiazem inhibits calcium oscillations under all conditions. On the other hand, N-, P/Q-, and T-type VGCCs are not required for calcium oscillations, although inhibitors of these channels may act as partial antagonists. In addition to removal of Mg2+, oscillations can also be induced by the inhibition of voltage-gated K+ channels with 4-aminopyridine (4-AP), a treatment known to increase neurotransmitter release. In the presence of 4-AP, synchronized calcium oscillations become independent of NMDA receptor activation, although they continue to require activation of AMPA/KA receptors. A model for the mechanism of neuronal calcium oscillations and the reason for their synchrony is presented.